Mammalian embryos show metabolic plasticity toward the surrounding environment during neural tube closure.
Developing embryos rewire energy metabolism for developmental processes. However, little is known about how metabolic rewiring is coupled with development in a spatiotemporal manner. Here, we show that mammalian embryos display plasticity of glucose metabolism in response to the extracellular environment at the neural tube closure (NTC) stage, when the intrauterine environment changes upon placentation. To study how embryos modulate their metabolic state upon environmental change, we analyzed the steady-state level of ATP upon exposure to extrauterine environments using both an enzymatic assay and a genetically encoded ATP sensor. Upon environmental changes, NTC-stage embryos exhibited increased ATP content, whereas embryos before and after NTC did not. The increased ATP in the NTC-stage embryos seemed to depend on glycolysis. Intriguingly, an increase in mitochondrial membrane potential (ΔΨm) was also observed in the neural ectoderm (NE) and the neural plate border of the non-neural ectoderm (NNE) region. This implies that glycolysis can be coupled with the TCA cycle in the NE and the neural plate border depending on environmental context. Disrupting ΔΨm inhibited folding of the cranial neural plate. Thus, we propose that embryos tune metabolic plasticity to enable coupling of glucose metabolism with the extracellular environment at the NTC stage.